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Abstract 
 
The study presents DTA curves for selected grades of cast iron and cast steel. The thermal effects observed on derivative curves, 
caused by crystallisation of single phases and eutectic were discussed. The thermal effects having their origin in crystallisation of 
secondary carbides were determined. It has been indicated that the range of temperatures of their crystallisation can be determined from 
the cooling curve t = f(τ), from the solidification curve dt/dτ = f′(τ), and from the second derivative d
2t/dτ
2 = f″(τ). The crystallisation  rate 
of single phases or of their mixture is indicated by the duration of thermal effect and by the slope angle of the curve responsible for a 
specific thermal effect  before and after its maximum. A very high sensitivity of the derivative curve to temperature changes in liquid and 
solid alloy and to the phase (phases) growth rate  enables control of alloy before pouring of moulds. The control of alloy may consist in 
identification of phases the presence of which is indispensable in alloy microstructure and in determination of some important properties, 
e.g.  Rp0,2, Rm, A5 and HB. In the latter case, the statistical relationships between the above mentioned characteristic parameters of DTA 
curves and the selected mechanical properties have been determined. The said relationships form a basis for construction of algorithms 
used in development of computer programs for control of individual alloys. 
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1. Introduction 
 
Since many years, at the Chair of Materials Engineering and 
Production Systems, intense studies have been carried out on the 
possibility of controlling the process of ferrous alloys 
solidification by means of the method of derivative thermal 
analysis (DTA). The results of these studies are presented in 
reference literature [1-22]. An outcome of the plotted DTA 
curves for unalloyed and alloyed cast steel and for various 
grades of cast iron was development of genuine computer 
programs using DTA curves for control, still before pouring of 
moulds, of the mechanical properties of cast iron and steel. The 
programs were successfully implemented in a number of 
domestic foundries [1-22]. 
This study presents a short review of the DTA curves 
plotted for unalloyed and alloyed cast steel and for various 
grades of cast iron, i.e. grey, vermicular, spheroidal with and 
without carbides, alloyed with chromium, nickel and 
molybdenum, and Niresist. 
 
 
2. Chemical composition of 
investigated alloys  
 
The chemical composition of the investigated ferrous alloys is 
given in Table 1. 
 
  
      Table 1. 
Chemical composition of ferrous alloys whose DTA curves were referred to in this study 
No. Alloy  Chemical  composition 
    C  Si  Mn P  S Mg  Cr  Ni  Cu  Mo  Sn 
1.   GC40   
(L600) 
0,40÷ 
0,50 
0,40÷ 
0,45 
0,60÷
0,80
≤0,01
3
≤0,020 ⎯  ⎯  ⎯  ⎯  ⎯  ⎯ 
2.   GX20Cr56  (LH14)  0,152÷ 
0,306 
0,521÷ 
0,586 
0,597÷
0,642
≤0,02
4
≤0,018 ⎯  11,72÷
13,58
⎯  ⎯  ⎯  ⎯ 
3.   GXCrNi72-36 
(LH18N9) 
0,107÷ 
0,173 
0,662÷ 
0,850 
0,399÷
0,565
≤0,02
6
≤0,017 ⎯  17,97÷
19,23
8,98÷ 
9,58 
⎯  ⎯  ⎯ 
4.   EN-GJL-250  3,45÷ 
3,65 
2,45÷ 
2,60 
0,45÷
0,55
≤0,02 ≤0,07 ⎯  ≤0,05 ⎯  ⎯  ⎯  ⎯ 
5.   Vermicular  graphite 
cast iron  
3,62÷ 
3,70 
2,58÷ 
2,65 
0,48÷
0,59
≤0,03 ≤0,03 ⎯  ⎯  ⎯  ⎯  ⎯  ⎯ 
6.   Vermicular  graphite 
cast iron 
3,42÷ 
3,56 
2,43÷ 
2,70 
0,07÷
0,11
≤0,03 ≤0,03 ⎯  ⎯  ⎯  ⎯  ⎯  ⎯ 
7.   Vermicular  graphite 
cast iron 
3,60÷ 
3,70 
2,50÷ 
2,65 
0,72÷
0,82
≤0,03 ≤0,03 ⎯  ⎯  ⎯  ⎯  0,25 0,25
8.   EN-GJS-500-7  3,30÷ 
3,40 
2,18÷ 
2,25 
0,45÷
0,52
≤0,01 ≤0,02 ≤0,05 ⎯  ⎯  ⎯  ⎯  ⎯ 
9.   GJS  –  martensitic 
with carbides 
3,52÷ 
3,58 
2,48÷ 
2,60 
0,51÷
0,56
≤0,02 ≤0,02 ≤0,05 1,08÷
1,22
4,25÷ 
4,37 
0,91÷ 
1,03 
0,22÷
0,25
⎯ 
10.    CrMo cast iron  2,95÷ 
3,11 
1,92÷ 
2,07 
0,33÷
0,37
≤0,05 ≤0,02 ⎯  6,30÷
6,40 ⎯  0,20÷ 
0,25 
5,18÷
5,25
⎯ 
11.  Niresist  3,06÷ 
3,10 
2,02÷ 
2,08 
1,06÷
1,12
≤0,05 ≤0,05 ⎯  0,02 9,03÷ 
9,18 
6,95÷ 
7,02 
⎯  ⎯ 
12.  Niresist  3,00÷ 
3,10 
2,06÷ 
2,12 
0,85÷
0,95
≤0,05 ≤0,05 ⎯  1,25÷
1,38
10,55÷ 
11,05 
7,02÷ 
7,08 
⎯  ⎯ 
 
 
 
3. The results of investigations 
 
The DTA curves (a) and microstructure  (b) of GC40 (L600) 
cast steel are shown in Figure 1 (a, b).  
The thermal effect AB is caused by ferrite crysallisation, 
while the effect BCD is due to peritectic transformation 
L+α→L+γ, resulting from the Fe-Fe3C diagram, a selected 
fragment of which is shown in Figure 2 [14]. 
At a temperature at point D – tD = 1358°C the solidification of 
cast steel comes to an end. The maximum thermal effect of ferrite 
crystallisation is tA = 1472°C, that of peritectic transformation is  
tC = 1428°C. The cast steel microstructure is of a ferritic-pearlitic 
type (Fig. 2b). 
Figure 3 (a, b) shows the DTA curves (a) and microstructure (b) 
of high-chromium GX20Cr56 (LH14) cast steel. A selected   
fragment of the Fe-C-Cr diagram for chromium concentration of 
12,0% Cr is shown in Figure 4 [13]. The thermal effect Pk AB is 
caused by the crystallisation of ferrite (δ), the effect BCD is 
caused by the crystallisation of austenite (γ). 
In solid state, FeCr23C6 and FeCr7C3 carbides are precipitating 
from austenite; the heat of their crystallisation makes the thermal 
effect WW1 occur within the temperature range of tW = 1104°C to 
tW1 = 746°C. The microstructure of cast steel is martensitic with 
residual austenite and chromium carbides (Fig. 4b). 
The DTA curves (a) and microstructure (b) of chromium-nickel 
cast steel, grade GXCrNi72-36 (LH18N9), are shown in Figure 5 
(a, b). A fragment of the phase equilibrium diagram for this cast 
steel is shown in Figure 6 [12]. 
The individual effects observed on the derivative curve result 
from:  Pk  AA′ - crystallisation of ferrite and austenite, A′B – 
peritectic transformation L+δ→L+γ, BCD – crystallisation of 
austenite, WW1 – precipitation from austenite of chromium 
carbides FeCr23C6, FeCr7C3 and (Fe,Cr)3C. The cast steel 
microstructure (b) is austenitic with chromium carbides. 
Figure 7 (a, b) shows the DTA curves (a) and microstructure (b) 
of hypereutectic grey cast iron. The precipitates of primary 
graphite cause thermal effect Pk AB. The area BDEFH is due to 
the crystallisation of austenite + graphite eutectic, while JJ′KLM 
is due to the transformation of  austenite into pearlite (Fig. 7 b). 
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b) 
Points  τ, s  t, °C dt/dτ, °C/s Z*10
-3, °C/s
2
Pk 6  1477 -2,150   
A 14  1472 -0,182  -49,88 
B 42  1447 -1,392   
C 57  1428 -1,065   
D 93  1358 -3,271  -145,11 
50μm 
 
 
 
 
 
Fig. 1 (a, b). DTA curves (a) and microstructure (b) of GC40 unalloyed cast steel (L600) 
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Fig. 2. Fragment of Fe-Fe3C diagram in the area of peritectic crystallisation [14] 
 
a) 
 
b) 
Points  τ, s  t, °C dt/dτ, °C/s Z*10
-3, °C/s
2
Pk 5  1475 -3,000   
A 13  1469 0,024  -70,56 
B 48  1437 -1,289   
C 60  1423 -1,166   
D 106  1328 -3,266  -118,57 
W 196  1104  -2,055   
W1 439  746  -1,429   
50μm   
 
Fig. 3 (a, b). DTA curves (a) and microstructure (b) of chromium cast steel, grade GX20Cr56 (LH14) 
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Fig. 4. Fragment of Fe-C-Cr diagram for chromium concentration of 12,0% Cr [13] 
a) 
 
 
 
b) 
 
50μm 
 
 
 
 
 
 
 
 
 
 
 
Points  τ, s  t, °C dt/dτ, °C/s Z*10
-3, °C/s
2
Pk 3  1424 -2,214   
A 10  1420 0,127  -45,45 
A’ 19  1420 -0,220   
B 46  1403 -1,381   
C 53  1392 -1,178   
D 84  1340 -2,820  -78,95 
W 218  1031  -1,869   
W1 408  731  -1,706   
Fig. 5 (a, b). DTA curves (a) and microstructure (b) of chromium-nickel cast steel, grade GXCrNi72-36 (LH18N9) 
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Fig. 6. Effect of carbon concentration on cast steel microstructure containing 18% Cr and 8% Ni [12] 
a) 
 
b) 
     
Points  τ, s  t, °C dt/dτ, °C/s Z*10
-3, °C/s
2
Pk 12  1175 -2,971   
A 21  1169 -0,530   
B 31  1162 -0,811   
D 61  1149 0,003   
E 70  1150 0,074   
F 93  1150 0,002 -8,51 
H 162  1105 -2,667 -88,43 
I 415  762  -1,023   
J 472  717  0,007   
K 484  718  0,171   
L 513  720  -0,001   
M 609  695  -0,776   
 
 
 
 
 
 
Fig. 7 (a, b). DTA curves (a) and microstructure (b) of hypereutectic grey cast iron
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microstructure (b) of hypereutectic cast iron with vermicular 
graphite is shown in Figure 8 (a, b). The thermal effect AC is 
caused by the crystallisation of primary graphite, while the effect  
BDEFH is caused by the crystallisation of austenite + vermicular 
graphite eutectic. The transformation of  austenite into ferrite 
causes the thermal effect IK′M′, into pearlite - the effect M′KM.  
 
 
a) 
 
b) 
Points  τ, s  t, °C dt/dτ, °C/s Z,  *10
-3 °C/s
2
Pk  20 1189  -2,846   
A  42 1160  -0,815   
B 57  1145 -0,926   
D 128  1103  0,005   
E 150  1108  0,327   
F 182  1116 -0,009  -24,07 
H 263  1045 -1,395 -24,07 
I 391  887  -1,001   
K’ 429  854  -0,652   
M’ 487  809  -0,919   
K 551  758  -0,548   
M 589  727  -1,040   
50μm 
 
Fig. 8 (a, b). DTA curves (a) and microstructure (b) of ferritic-pearlitic cast iron with vermicular graphite 
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vermicular graphite cast iron the characteristic DTA curves are 
shown in Figures 9 (a, b) and 10 (a, b), respectively. In both  
cases, in the area of austenite transformation, there is one 
thermal effect originating from either  austenite→ferrite or 
austenite→pearlite transformation. 
a) 
 
b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9 (a, b). DTA curves (a) and  microstructure (b) of ferritic vermicular graphite cast iron 
Points  τ, s  t, °C dt/dτ, °C/s Z,  *10
-3 °C/s
2
Pk  21 1227  -2,705   
A  48 1189  -1,014   
B 60  1174 -1,216   
D 165  1081 -0,016   
E 180  1086  0,332   
F 197  1089  0,002 -19,2 
H 283  1004 -1,761 -52,4 
I 448  782  -1,166   
K 517  733  0,000   
M 606  702  -0,789   
50μm
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b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10 (a, b). DTA curves (a) and microstructure (b) of pearlitic vermicular graphite cast iron 
Points  τ, s  t, °C dt/dτ, °C/s Z,  *10
-3 °C/s
2
Pk  20 1197  -1,842   
A  33 1184  -1,066   
B 43  1171 -1,205   
D 124  1115 -0,006   
E 142  1119  0,300   
F 162  1123  0,008 -29,8 
H 230  1056 -1,716 -29,8 
I 471  766  -0,880   
K 578  712  -0,051   
M 640  675  -0,898   
50μm
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microstructure are shown in Figure 11 (a, b). The thermal effect 
Pk AB is caused by the crystallisation of austenite, the effect 
BDEFH - by the crystallisation of austenite + spheroidal 
graphite eutectic. The presence of points STW is due to the 
reduced thermal conductivity of ductile iron. 
a) 
 
b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 11 (a, b). DTA curves (a) and microstructure (b) of ductile iron, grade EN-GJS-500-7 
Points  τ, s  t, °C dt/dτ, °C/s Z*10
-3, °C/s
2
Pk 17  1150 -0,656   
A 34  1149 -0,058   
B 47  1147 -0,227   
D 54  1145 -0,007   
E 60  1147 0,124   
F 74  1148 0,001 -6,23 
H 190  1092 -1,926 -60,64 
S 215  1050 -1,549   
T 250  997  -1,476   
W 280  954  -1,380   
I 412  797  -1,038   
K’ 487  747  -0,136   
M’ 517  741  -0,221   
K 565  734  -0,092   
M 639  703  -0,686   
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carbides and its microstructure (b) are shown in Figure 12 (a, b). 
The individual thermal effects result from the crystallisation of: 
Pk AB – spheroidal graphite, BEH –austenite + spheroidal 
graphite eutectic, HIJ – primary carbides, KLM – secondary 
carbides. The cast iron microstructure  (b) is martensitic with 
residual austenite and primary as well as secondary carbides. 
a) 
 
b) 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12 (a, b) DTA curves (a) and microstructure (b) of ductile iron with carbides 
Points  τ, s  t, °C dt/dτ, °C/s Z*10
-3, °C/s
2
Pk 14  1167 -2,809   
A 41  1129 -0,619   
B 48  1123 -0,775   
E 156  1095 -0,019 -7,22 
H 283  1016 -1,332 -26,00 
I 295  1000 -1,029   
J 307  986  -1,486   
K 322  963  -1,537   
L 333  948  -1,395   
M 344  931  -1,557   
50μm 
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microstructure (b) of chromium-molybdenum cast iron. From 
the solidification curve it follows that this cast iron is of 
hypoeutectic composition. Therefore the thermal effect Pk AB  
has been caused by the crystallisation of austenite, BDEFH – by 
the crystallisation of austenite + (Fe, Cr)3C eutectic, and HE′H′ - 
by the crystallisation of austenite + (Fe Cr Mo)23C6 eutectic (b, 
c). 
a) 
 
b) 
Points  τ, s  t, °C dt/dτ, °C/s Z*10
-3, °C/s
2
Pk 37  1241 -2,301   
A 70  1191 -0,330   
B 93  1178 -0,889   
D,E,F 193  1123  -0,018  -8,5 
H 277  1090 -0,630  -8,5 
E’ 327  1067  -0,196   
H’ 359  1038  -1,860 -75,81 
I 559  803  -0,906   
K 742  710  -0,160   
M 875  663  -0,528   
50μm
1 μm 
c) 
 
 
 
 
 
 
 
 
Fig. 13 (a, b). DTA curves (a) and microstructure (b) of chromium-molybdenum cast iron 
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a) 
 
b) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 14 (a, b). DTA curves (a) and microstructure (b) of „Niresist” cast iron without an addition of chromium 
 
Depending on the chemical composition, and mainly on the 
concentration of Cr, Mn and Ni, the crystallisation of eutectic 
may proceed in different ways. The cast iron without chromium 
and with the manganese content of about 9,0% is characterised 
by the solidification run whose effect is shown in Figure 14 (a). 
The effect Pk AB is caused by the crystallisation of austenite. 
Within an area of the crystallisation of eutectic two thermal 
effects take place: BDEFH originating from the crystallisation 
of graphite eutectic and HE′H′ originating from the 
crystallisation of carbide eutectic. The thermal effect LMN is 
caused by the precipitation of secondary carbides from 
austenite. Through changes in the concentration of Cr, Mn and 
Ni it is possible to considerably reduce the amount of carbide 
eutectic (Fig. 15 a); the thermal effect DEFH results from the 
crystallisation of graphite eutectic, and HE′H′ results from the 
crystallisation of carbide eutectic. 
Points  τ, s  t, °C dt/dτ, °C/s Z,  *10
-3 °C/s
2
Pk  20 1195  -1,263   
A  29 1185  -0,896   
B 40  1175 -0,949   
D,E,F 104  1144  -0,039  -7,69 
H 192  1095 -1,590 -40,50 
E’ 203  1079  -1,291   
H’ 213  1063  -1,918 -64,33 
L 267  973  -1,581   
M 313  908  -1,270   
N 328  889  -1,285   
50μm
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b) 
Points  τ, s  t, °C dt/dτ, °C/s Z,  *10
-3 °C/s
2
Pk 20  1202  -2,251   
A 39  1184 -0,827   
B 48  1174 -1,498   
D,E,F 90  1149  -0,110  -5,25 
H 210  1081  -1,715 -40,63 
E’ 216  1071  -1,621   
H’ 225  1056  -1,804  29,03 
L 276  971  -1,560   
M 306  929  -1,227   
N 327  903  -1,300   
50μm
 
Fig. 15 (a, b). DTA curves (a) and microstructure (b) of „Niresist” cast iron with an addition of chromium 
 
From the DTA curves presented above for different grades 
of cast steel and cast iron it follows that the heat of 
crystallisation of individual phases from molten metal, or the 
heat of crystallisation during peritectic transformation, or the 
heat of crystallisation of a mixture of phases forming eutectic, as 
well as the heat due to secondary crystallisation cause thermal 
effects on the derivative curve. The temperature range of these  
crystallisation effects can be determined from the cooling curve 
t = f(τ), from the solidification curve  dt/dτ = f′(τ), and from the 
second derivative d
2t/dτ
2 = f″(τ). The  crystallisation rate of   
individual phases or of their mixture is indicated by the slope of 
the curve with some specific thermal effects observed before  
and after its maximum. A very high „sensitivity” of the 
derivative curve to changes in the temperature of liquid and 
solid alloy and to the rate of phase growth enables control of 
alloy before pouring of moulds. The control of alloy may 
consist in identification of phases whose presence is 
indispensable in the microstructure and also in determination of 
the most important properties, like Rp0,2, Rm, A5 and HB. In the 
latter case, the statistical relationships between the above 
mentioned characteristic parameters of DTA curves and the 
mechanical properties are determined. The derived relationships 
form next a basis for construction of algorithms used in 
development of computer programs for alloys control.  
ARCHIVES of FOUNDRY ENGINEERING Volume 8, Issue 1/2008, 183-197  196 4. Conclusions 
 
From the disclosed results of investigations of the DTA 
curves the following conclusions follow:  
-  the crystallisation of phases or of a mixture of phases 
in ferrous alloys causes the occurence of thermal 
effects on the derivative curve, 
-  this enables control of alloy microstructure, 
-  developing of statistical relationships between the 
characteristic parameters of DTA curves and 
utilisation properties of alloys enables control of the 
alloy quality before pouring of moulds, 
-  this allows elimination of casting defects caused by 
inadequate metal preparation.  
 
 
References 
 
[1] S. Pietrowski, Kontrola metodą ATD krystalizacji 
żeliwa i siluminów,V Międzynarodowa Konferencja 
Odlewników WSPÓŁPRACA’99 
[2]  S. Pietrowski, R.W³adysiak, B.Pisarek, 
Crystallization, structure and properties of silumins with 
cobalt, chromium, molibdenum and tungsten admixtures, 
Light Alloys and Composities, PAN Komitet Metalurgii, 
Zakopane, 1999, s. 77-83 
[3]  S. Pietrowski, B.Pisarek, R.Władysiak, System 
komputerowy kontroli i sterowania jakością  żeliwa z 
wykorzystaniem metody ATD, Archiwum Odlewnictwa, 
vol. 4, PAN – Komisja Odlewnictwa, Katowice, 2002, s. 
222-230 
[4]  S. Pietrowski G. Gumienny, Metodyka 
przygotowania oceny jakości  żeliwa sferoidalnego z 
zastosowaniem metody ATD, Archiwum Odlewnictwa, 
vol. 6, PAN – Komisja Odlewnictwa, Katowice, 2002, s. 
249-256 
[5] S.  Pietrowski, Kontrola żeliwa metodą analizy 
termicznej i derywacyjnej (ATD), Polska Metalurgia w 
latach 1998-2002, t 2, PAN – Komitet Metalurgii, 2002, 
s.64-71 
[6]  S. Pietrowski, G. Gumienny, Ocena jakości żeliwa 
sferoidalnego EN-GIS-400-15 metodą ATD, Archiwum 
Odlewnictwa vol. 6, PAN - Komisja Odlewnictwa, 
Katowice, 2002, s. 257-268 
[7]  S. Pietrowski, Control of Silumins Crystallization with 
Thermal and Derivative Analysis Method (TDA), Acta 
metallurgica Slovaca, vol. 2 2/2002 (2/2), Hutnicka Faculta 
Technickej Univerzity v Kosiciach, 2002, s. 168-174 
[8]  S. Pietrowski, B. Pisarek, R. Władysiak, System 
komputerowy kontroli i sterowania jakością siluminów 
przeznaczonych na koła samochodowe, Archiwum 
Odlewnictwa   vol. 10, 2003, s. 112-125 
[9]  S. Pietrowski, G. Gumienny, Ocena jakości żeliwa 
sferoidalnego ferrytycznego, Archiwum Odlewnictwa, vol. 
8, PAN – Komisja Odlewnictwa, Katowice, 2003, s. 256-
266  
[10] S. Pietrowski, Władysiak R., W. Meksa, Ocena 
krystalizacji staliwa metodą ATD, Archiwum 
Odlewnictwa, vol. 8, PAN – Komisja Odlewnictwa, 
Katowice, 2003, s. 293-300 
[11] S. Pietrowski, G. Gumienny, Ocena jakości żeliwa 
sferoidalnego metodą ATD, IX Międzynarodowa 
Konferencja Odlewników WSPÓŁPRACA’03,Kraków, s. 
107-112 
[12]  S. Pietrowski, G. Gumienny, Kontrola staliwa 
GXCrNi72 – 32 metodą ATD, Archiwum Odlewnictwa, 
vol. 14 Rocznik PAN – Komisja Odlewnictwa, Katowice, 
2004, s. 405 – 412 
[13]  S. Pietrowski, G. Gumienny, Kontrola staliwa 
GX20Cr56 metodą ATD, Archiwum Odlewnictwa, vol. 14 
Rocznik PAN – Komisja Odlewnictwa, Katowice, 2004, s. 
315 – 322 
[14]  S. Pietrowski, G. Gumienny, Meksa M., 
Woźnicki G., Kontrola staliwa niestopowego metodą 
ATD, Archiwum Odlewnictwa, vol. 14 Rocznik PAN – 
Komisja Odlewnictwa, Katowice, 2004, s. 323 – 336 
[15]  S. Pietrowski, G. Gumienny, B. Pisarek, R. 
Władysiak, Kontrola produkcji wysokojakościowych 
stopów odlewniczych metodą ATD,  Archiwum 
Technologii Maszyn i Automatyzacji, vol.24, 2004, s.131-
144 
[16]  S. Pietrowski, G. Gumienny, B. Pisarek, 
Monitorowanie produkcji i kontrola jakości staliwa za 
pomocą programu komputerowego, Archiwum 
Odlewnictwa, vol. 17, Rocznik PAN – Komisja 
Odlewnictwa, Katowice, 2005, s. 417-432 
[17]  S. Pietrowski, G. Gumienny, B. Pisarek, R. 
W³adysiak, Production monitoring and quality control of 
casting alloys with TDA method,  Worldwide Congress on 
Materials and Manufacturing Engineering and Technology, 
2005, s. 114-116 
[18]  S. Pietrowski, G. Gumienny, B. Pisarek, R. 
Władysiak, Monitorowanie produkcji i kontrola jakości 
stopów odlewniczych za pomocą programów 
komputerowych, Odlewnictwo – Nauka i Praktyka, 
Kraków, 2005, nr 3, s. 3-18 
[19] B. Pisarek, Influence Cr on Crystallization and Phase 
Transformations of the Bronze BA1044, Archives of 
Foundry Engineering, Vol. 7, Issue 3, July-September 
2007, pp 129-136 
[20] Wdrożenie w WSK GORZYCE S.A. systemu kontroli i 
sterowania jakością  żeliwa austenitycznego na wkładki 
tłokowe metodą ATD. Projekt Celowy Nr 7T08B 164 99 
C/4261, Kierownik Projektu: prof. dr hab. inż. S. 
Pietrowski,1999-2000 
[21] Wdrożenie w "Federal Mogul Gorzyce" S.A. systemu 
kontroli i sterowania jakością siluminów na felgi 
samochodowe Projekt Celowy Nr 10T08 080 2001C/5426, 
Kierownik Projektu: prof. dr hab. inż. S. Pietrowski, 2001-
2002 
[22] Ocena  jakości  żeliwa sferoidalnego metodą analizy 
termicznej i derywacyjnej (ATD). Projekt Badawczy Nr 4 
T08B 013 22, Kierownik Projektu: prof. dr hab. inż. S. 
Pietrowski, 2002-2004 
 
ARCHIVES of FOUNDRY ENGINEERING Volume 8, Issue 1/2008, 183-197  197